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Introduction {#sec1}
============

Melon (*Cucumis melo* L., 2n = 24) is one of the most important fruit crops in the world belonging to *Cucurbitaceae*, with 32 million tons of fresh melons and 1 million tons of melon seeds produced in 2017 (<http://www.fao.org/faostat/>). After an intense process of diversification during domestication that has been proposed to have originated from both Africa and Asia ([@bib19]), *C. melo* is considered to be divided into two subspecies, *melo* and *agrestis* ([@bib9]), with each recently separated into several cultivar groups ([@bib14]). The draft genome sequence of melon, a double-haploid line derived from the cross between *inodorus* and *agrestis* subspecies, has been used in genetic studies, using short-reads sequencing strategy ([@bib6]), and the genome has recently been improved with single-molecule sequencing method ([@bib3]). In addition, another melon subspecies (*C. melo* spp. *melo*) genome has been just released ([@bib27]). Importantly, a genomics-enabled breeding strategy requires a thorough and robust understanding of genomic organization in melon subspecies.

*Cucurbit* crops specifically transport oligosaccharides raffinose and stachyose via the phloem from source to sink ([@bib16]). However, the evolutionary mechanism of the oligosaccharides transport, known as polymer trapping, remains poorly understood. The *conomon* melon (*C. melo* ssp. *agrestis*), also named oriental melon, has particular aromatic flavor and taste, environmental adaptation, and disease resistance ([@bib28]; [@bib24]; [@bib8]). Sucrose metabolism has been well documented because of its pivotal roles in fruit quality ([@bib15]; [@bib7]), development, stress response, and yield formation ([@bib23]; [@bib18]). Gummy stem blight (GSB) is a fatal fungus disease affecting most *Cucurbit* species, causing severe yield losses, especially in humid tropics and sub-tropics ([@bib8]). Some GSB-resistance genetic loci have been reported in different resistant germplasm ([@bib8]); however, a functional GSB-resistant gene has not been identified so far.

In this study, we employed the PacBio SMRT long reads and high-throughput chromosome conformation capture (Hi-C) technologies to assemble for the genome of melon subspecies of *C. melo* spp. *agrestis* (HS, a few-sucrose accumulator and GSB-resistant landrace). We anchored 359 Mb of the assembly onto 12 pseudo-chromosomes of HS, estimating to cover above 98% of the assembly with significant completeness than extant published melon genomes. We pinpointed the candidate genes involved in specific phloem transport of oligosaccharides in *Cucurbitaceae*. In addition, we presented the relevant evidence of fruit quality regulated by epigenetic factors, particularly regulating sugar accumulation. We mapped the genetic loci associated with sucrose accumulation and gummy stem blight resistance using a recombinant inbred line population. The genomic and genetic resources developed in the present study will further empower the implementation and acceleration of genomic breeding in melon crops.

Results and Discussion {#sec2}
======================

*De Novo* Genome Sequencing and Assembly {#sec2.1}
----------------------------------------

We generated 35.6 Gb data of the SMRT sequencing long reads for a melon subspecies (HS, *Cucumis melo* ssp. *agrestis*), with an estimated depth of genome coverage of 100Χ ([Table S1](#mmc1){ref-type="supplementary-material"} and [Figure S1](#mmc1){ref-type="supplementary-material"}). Illumina paired-end reads were used to polish the PacBio sequencing data ([Table S2](#mmc1){ref-type="supplementary-material"}). This allowed us to assemble the genome into contigs using the Falcon pipeline and, subsequently, to construct the genome into super-scaffolds using the Hi-C interaction data with more than 85X genome coverage (31.0 Gb) ([Figure 1](#fig1){ref-type="fig"}A, [S2](#mmc1){ref-type="supplementary-material"}, and [S3](#mmc1){ref-type="supplementary-material"} and [Table S3](#mmc1){ref-type="supplementary-material"}). We then mapped genetic markers from previously constructed maps of two populations HS x XH ([@bib8]) and PS x SC ([@bib1]) linkage maps to the contigs of HS genome and constructed a collinear genetic map and pseudo-chromosomes ([Tables S4](#mmc1){ref-type="supplementary-material"} and [S5](#mmc1){ref-type="supplementary-material"} and [Figure S4](#mmc1){ref-type="supplementary-material"}). We recognized and split four breakpoints in two contigs after comparison between the HS genome assembly with the collinear genetic map ([Table S6](#mmc1){ref-type="supplementary-material"}). As a result, the final assembly was 366 Mb with contigs N50 and N90 of 3.45 Mb and 926.7 Kb, respectively, and super-scaffold N50 of 29.76 Mb ([Tables 1](#tbl1){ref-type="table"}, [S7](#mmc1){ref-type="supplementary-material"}, and [S8](#mmc1){ref-type="supplementary-material"}). This assembly displayed considerable improvements in contiguity (gap filling) and completeness compared with the two published genome assemblies of melon varieties (*Cucumis melo* ssp. *melo*) DHL92_CM3.6.1 ([@bib6]) and Payzawat ([@bib27]) ([Tables 1](#tbl1){ref-type="table"} and [S7--S9](#mmc1){ref-type="supplementary-material"}). We finally anchored 98.15% (359.4 Mb) of the assembly onto 12 pseudo-chromosomes ([Tables 1](#tbl1){ref-type="table"} and [S8](#mmc1){ref-type="supplementary-material"}).Figure 1Characterization of Chromosome-Scale *C. melo* ssp. *agrestis* Genome(A) The interaction frequency distribution of Hi-C links among HS chromosomes.(B) Genomic landscape of the HS and DHL92 genomes. (1) Length of pseudo-chromosomes of HS (light red) and DHL92 (light blue); (2) gene density calculated on the basis of the number of genes in non-overlapping 1-Mb windows; (3) percent coverage of TEs in non-overlapping 1-Mb windows; (4) GC content in non-overlapping 1-Mb windows; (5) syntenic alignments between the HS and DHL92 genomes based on one-to-one orthologous genes.(C) Genome alignment of pseudo-chromosomes in HS, DHL92, and Payzawat genomes displaying inverted assembly in DHL92.(D) Presentation with lines connecting the physical positions on the pseudo-chromosome 6 and the map positions showing some inverted assembly regions relative to the genetic map in the assembly of DHL92.Table 1Comparison of Melon AssembliesAssembly FeatureHSDHL92 (v3.6.1)^4^DHL92 (v4.0)^5^Payzawat^6^Size of assembly (Mb)366417358386Contig N50 (Mb)3.450.0230.7142.86Anchored pseudo-chromosomes (%)98.1590.019695.53Repeat content (%)43.054445.249.8Annotated protein-coding genes28,89829,98028,29922,924Complete BUSCOs (%)91.891.994.892.78[^2]

Genome Annotation and Chromosome-Scale Variations {#sec2.2}
-------------------------------------------------

A total of 157.6 Mb (43.05%) of repetitive sequences were annotated in the HS genome, of which only 4.48% was tandem repeats ([Table S10](#mmc1){ref-type="supplementary-material"}). About 33.93% and 8.27% were class Ⅰ and class Ⅱ transposons, respectively ([Tables S11](#mmc1){ref-type="supplementary-material"} and [S12](#mmc1){ref-type="supplementary-material"} and [Figure S5](#mmc1){ref-type="supplementary-material"}). The protein-coding genes were predicted through a combination of the prediction strategies (homology based, *de novo*, and transcriptome based). In total, 28,898 gene models with high fidelity were identified in the HS genome ([Table S13](#mmc1){ref-type="supplementary-material"}), of which 86.29% were supported by RNA sequencing (RNA-seq) and 93.55% were annotated using at least one of the public databases ([Table S14](#mmc1){ref-type="supplementary-material"}). The BUSCO assessment indicated that 91.0% of the conserved gene models were complete, with only 3.0% fragmented and 6.0% missing, indicating a high-quality assembly of the HS genome ([Table S13](#mmc1){ref-type="supplementary-material"}). In addition, we simultaneously annotated the non-coding RNAs including 91 miRNAs, 778 tRNAs, 433 rRNAs, and 327 snRNAs ([Table S15](#mmc1){ref-type="supplementary-material"}). Finally, we demonstrated the genomic annotation of the HS genome ([Figure 1](#fig1){ref-type="fig"}B).

The chromosome-scale genome enabled us to identify the large structural variations (SVs) and the complicated genome rearrangement. We observed some large SVs between the HS and the DHL92 genomes in Chr_1, Chr_5, Chr_6, Chr_10, and Chr_11, with the SVs validated by mapping of the PacBio sub-reads ([Figures 1](#fig1){ref-type="fig"}C and [S6](#mmc1){ref-type="supplementary-material"}). The pseudo-chromosomes of HS were constructed after the collinear comparison of two genetic maps used for the HS and the DHL92 genomes assembly. We aligned Chr_06 of HS and DHL92 with the collinear genetic map to confirm that the conspicuous differences between the genetic map and DHL92 assembly resulted from the inverted assembly of the DHL92 genome ([Figure 1](#fig1){ref-type="fig"}D). Consequently, we supposed that the discrepancies in Chr_05 and Chr_10 (similar to those in Chr_06) originated from the inaccurate assembly of the DHL92 genome. The variations found in Chr_01, Chr_04, Chr_08, and Chr_11 among the genomes of HS, DHL92, and Payzawat varieties were suggested to be intra-chromosomal translocations and inversions ([Figure 1](#fig1){ref-type="fig"}B).

Evolutionary Analysis of Phloem Oligosaccharide Transport in Cucurbitaceae {#sec2.3}
--------------------------------------------------------------------------

The great majority of plants transport photo-assimilates in the form of sucrose from source to sink. However, plants in *Cucurbitaceae* and *Scrophulariaceae* families transport mainly other forms of sugar, such as raffinose and stachyose oligosaccharides (RFOs) ([@bib22]; [@bib26]). The transport of RFOs using polymer-trapping is an active phloem loading strategy, although it is the energy-consuming initial step of sucrose synthesis ([@bib22]). We constructed a phylogenetic tree using several major sequenced crops in *Cucurbitaceae*, with the single copy orthologous genes of *Arabidopsis thaliana*, *Solanum lycopersicum*, *Malus domestica*, and *Oryza sativa* as controls ([Figures 2](#fig2){ref-type="fig"}A and [S7--S9](#mmc1){ref-type="supplementary-material"} and [Table S16](#mmc1){ref-type="supplementary-material"}). In contrast to *A. thaliana*, *S. lycopersicum*, *M. domestica*, and *O. sativa*, the *Cucurbitaceae* crops showed many gene family expansions significantly associated with β-galactosidase activity, carbohydrate binding, and carbohydrate metabolic process ([Tables S17](#mmc2){ref-type="supplementary-material"} and [S18](#mmc3){ref-type="supplementary-material"}). The functional annotation of expanded gene families strongly suggested that carbohydrate transport is designedly presented in *Cucurbitaceae* crops.Figure 2Positive Selection and Evolutionary Analysis of *Cucurbitaceae*(A) Phylogenetic tree constructed with orthologous genes on phase 1 sites by Bayesian-based method. The star showed gene family expansion and contraction in *Cucurbitaceae*. MRCA, most recent common ancestor.(B) Oligosaccharides transport (loading and unloading) via phloem in *Cucurbitaceae*.(C) Amino acid characteristics of specific genes (*α-galactosidase* and *UDP-sugar pyrophosphorylase*) by positive selection analysis in *Cucurbitaceae* compared with *A thaliana*, *S. lycopersicum*, *M. domestica*, and *O. sativa*. USPase, UDP-sugar pyrophosphorylase. The green colored amino acids denote the sites under positive selection.

The adaptive or selective advantage of active phloem loading allow plants to maintain low photo-assimilate concentrations in leaves ([@bib21]). We proposed a schematic pathway of how the photo-assimilate products are transported from source to sink ([Figure 2](#fig2){ref-type="fig"}B). Using positive selection gene analysis, we discovered two candidate genes, *α-galactosidase* (*MEL O 06810*) and *UDP-sugar pyrophosphorylase* (*MEL O 05057*), with parallel shifts of amino acids in *Cucurbitaceae* ([Figure 2](#fig2){ref-type="fig"}C and [Table S19](#mmc4){ref-type="supplementary-material"}). *α-Galactosidase* is involved in the first step of RFOs catabolism generating sucrose and galactose during phloem unloading ([@bib13]). The RFOs transported to fruits are catabolized in the peduncle before eventually entering the fruits. *UDP-sugar pyrophosphorylase* (*USPase*) catalyzes a reversible transfer of the uridyl group from UTP to sugar-1-phosphate, producing UDP sugar and pyrophosphate, which is involved in RFOs synthesis ([@bib10]). The initial and final steps of RFOs synthesis and hydrolysis before entry into fruit are shown to have been selected during evolution of *Cucurbitaceae* crops, suggesting their roles in the carbohydrates phloem transport evolution. The biological function of these two selected genes in *Cucurbitaceae* crops is quite worthy of being investigated to reveal their important roles in the phloem transport.

Association Study of Transcriptome and DNA Methylation during Fruit Development {#sec2.4}
-------------------------------------------------------------------------------

Fruits are essential for human nutrition, providing fundamental sugars, vitamins, and numerous other compounds, such as carotenoids, polyphenols, and fatty acids ([@bib20]). Fruit development and ripening need various internal and environmental cues, including developmental genes, light, and phytohormones ([@bib12]). Recently, in tomato, epigenetic remodeling is reported to be associated with fruit ripening ([@bib30]) and DNA methylation can regulate mRNA m^6^A methylation in a feedback loop affecting fruit ripening ([@bib31]). Sugar such as sucrose, fructose, and glucose contribute the sweetness and influence flavor in fruits, in addition to other dynamic and diverse signaling roles in growth and development ([@bib18]). In the present study, we compared sucrose, fructose, and glucose accumulations in developing fruit in varieties HS and DHL92. The fructose and glucose accumulations did not differ significantly between HS and DHL92, but sucrose accumulation displayed a distinct difference, whereby HS accumulated less sucrose than DHL92 20 days after pollination ([Figure 3](#fig3){ref-type="fig"}A). We then identified the co-differentially expressed and the methylated genes in developing fruits using association analysis of the transcriptome and DNA methylation data ([Figures 3](#fig3){ref-type="fig"}B and [Table S20](#mmc5){ref-type="supplementary-material"}). These co-differentially expressed and methylated genes in fruits 20 days after pollination that were associated mainly with metabolic processes involved in fruit quality ([Figure S10](#mmc1){ref-type="supplementary-material"}).Figure 3Transcription and DNA Methylation Patterns during Fruit Development of HS (Few-Sucrose Accumulator) and DHL (High-Sucrose Accumulator)(A) Sugar accumulation in developing fruits after pollination. Data are represented as mean ± SEM.(B) Co-differentially expressed and methylated genes in developing fruits after pollination (0--30 days).(C) Co-differentially methylated and expressed genes involved in sugar metabolism of developing fruits after pollination. Left: DNA methylated patterns of genes involved in sugar metabolism; right: transcriptional expression patterns of the same genes as shown on the left. H, HS; D, DHL92.

Using homologs from DHL92 via blast analysis, we distinguished 164 genes associated with sugar metabolism ([Table S21](#mmc6){ref-type="supplementary-material"}). We further retrieved the patterns of the 127 genes from the co-differentially expressed and methylated genes data, showing 50 genes of CG type, 40 genes of CHG type, and 37 genes of CHH type ([Figures 3](#fig3){ref-type="fig"}C and [Tables S22](#mmc7){ref-type="supplementary-material"}, [S23](#mmc8){ref-type="supplementary-material"}, and [S24](#mmc9){ref-type="supplementary-material"}). These results revealed epigenetic regulation of fruit quality in melon, particularly regarding sugar metabolism, providing us with quality-influencing targets and metabolic processes mediated by epigenetics.

Genetic Architecture of Important Traits in Melon {#sec2.5}
-------------------------------------------------

Fruit quality is of strong interest, and several QTLs have been mapped using genetically segregated or natural populations in melon ([@bib5]; [@bib29]; [@bib27]). Sugar, particularly sucrose, contributes to sweetness of fruit, which is the result of selection and improvement for desirable quality appealing for human consumption. However, causative genes associated with sucrose accumulation have not been identified to date. Using the *C. melo* spp. *agrestis* subspecies variety (HS) that accumulates few sucrose and a high-sucrose accumulator, *C. melo* spp. *melo* subspecies (XH), we constructed and re-sequenced a F~8~ recombinant inbred population (RILs) ([Figure 4](#fig4){ref-type="fig"}A). After filtering the sequencing reads, we collected 465.64 Gb of clean reads, subsequently mapping these reads to the *de novo* assembly of HS ([Table S25](#mmc1){ref-type="supplementary-material"}). Using 1,350,040 high-quality SNPs called from the resequencing of the RILs population ([Table S26](#mmc1){ref-type="supplementary-material"}), we figured out a physical recombination map of each line in the RILs population ([Figure S11](#mmc1){ref-type="supplementary-material"}). Finally, we retrieved 88 RILs after eliminating questionable lines, defined as one bin of recombined sites in 100 Kb region, and constructed the bin map using 1,110 bins for this RILs population ([Figure 4](#fig4){ref-type="fig"}B). We evaluated sucrose, fructose, and glucose accumulation in fruits of the RILs population in both spring and fall ([Figures 4](#fig4){ref-type="fig"}C and 4E).Figure 4Identification of Genetic Loci Controlling Sucrose Accumulation and Gummy Stem Blight Resistance Using Recombinant Inbred Lines(A) Fruit phenotypes of HS (*agrestis*-type, few-sucrose accumulator, and GSB resistance) and XH (*melo*-type, high-sucrose accumulator, and GSB susceptibility) used for the recombinant inbred lines construction.(B) Bin map of the recombinant inbred lines. Blue bands represent markers from the HS parent; red bands show markers from the XH parent; yellow ones denote heterozygous genotype.(C) Sugar accumulation of the recombinant inbred lines in spring. Data are represented as mean ± SEM.(D) QTLs analysis of sugar accumulation in spring. CINV, alkaline/neutral invertase; SPP2, sucrose-phosphatase 2.(E) Sugar accumulation of the recombination inbred lines in fall. Data are represented as mean ± SEM.(F) QTLs analysis of sugar accumulation in fall.(G) Genotyping analysis of candidate genes in natural varieties.(H) QTLs analysis of gummy stem blight resistance. RLK, LRR receptor-like serine/threonine-protein kinase.

We mapped two QTLs regions for sucrose accumulation in spring (Chr_10 and Chr_7) and fall (Chr_10 and Chr_5) ([Figures 4](#fig4){ref-type="fig"}D and 4F and [Table S27](#mmc10){ref-type="supplementary-material"}). Totally, we identified five genes that were associated with sugar metabolism based on annotation ([Table S28](#mmc1){ref-type="supplementary-material"}). Two genes, alkaline/neutral invertase 1 (*CINV1*, *MELO21653*) and sucrose-phosphatase 2 (*SPP2*, *MELO21692*), were located in the QTLs regions in spring ([Figure 4](#fig4){ref-type="fig"}D), and other three candidate genes, α-galactosidase (*MELO09061*), β-galactosidase (*MEL O 16006*), and putative sugar phosphate/phosphate translocator (*MELO16058*), were found in the QTLs regions in fall ([Figure 4](#fig4){ref-type="fig"}F). The genotype distributions of these two genes (*MELO21653* and *MELO21692*) in the RILs populations indicated their relevance to sucrose accumulation ([Figure S12](#mmc1){ref-type="supplementary-material"}). We further confirmed two non-synonymous SNPs (A472T and F486S) in the *CINV1* (*MELO21653*) in several few-sucrose accumulators and high-sucrose accumulators melon varieties ([Figures 4](#fig4){ref-type="fig"}G and [S13](#mmc1){ref-type="supplementary-material"}). In addition, we showed the same non-synonymous SNPs in two sequenced cucumber genomes ([Figure S14](#mmc1){ref-type="supplementary-material"}), in which cucumber is, in parallel, few-sucrose accumulator suggesting the *CINV1* might be a major player in sucrose accumulation. In higher plants, the CINVs, located in cytoplasm, are maintaining cytosolic sugar homeostasis for the cellular function ([@bib23]), in addition to regulating reproductive and root development ([@bib2]). The CINVs with other two families, acid invertase (cell wall invertase, CWIN, and vacuole invertase, VIN), specifically hydrolyze sucrose into glucose and fructose. The sucrose-phosphatase (SPP) catalyzes the final step in the sucrose biosynthesis to convert sucrose-6-phosphate to sucrose, in which SPP can be involved in sucrose phosphate synthesis (SPS) to form SPS-SPP complex to control sucrose biosynthesis ([@bib11]). The significant different expressions of these candidate genes between fruits of few-sucrose and high-sucrose accumulation varieties (HS and XH) indicate their association with sucrose accumulation ([Figure S15](#mmc1){ref-type="supplementary-material"}). Of these five candidate genes associated with sucrose accumulation, we found that expressions of four genes (*MEL O 16006*, *MELO16058*, *MELO21692* and *MELO21653*) were regulated by DNA methylation ([Table S29](#mmc11){ref-type="supplementary-material"}). These results indicated an epigenetics mechanism of fruit quality formation in melon fruit.

The *C. melo* spp. *agrestis* subspecies variety (HS) used for RILs population construction has gummy stem blight resistance ([@bib8]). Using this RILs population, we mapped two QTLs (Chr_2 and Chr_5) for GSB resistance in melon ([Figure 4](#fig4){ref-type="fig"}H). We identified a typical R gene, LRR receptor-like serine/threonine-protein kinase (RLK, *MELO04135*), was associated with GSB resistance ([Figure 4](#fig4){ref-type="fig"}H and [Table S30](#mmc12){ref-type="supplementary-material"}). A non-synonymous SNP (N194K) was identified in CDS of the RLK gene between GSB-resistant and -susceptible varieties, and we further confirmed the genotypes of the SNP in some GSB-resistant and -susceptible varieties ([Figure 4](#fig4){ref-type="fig"}G and [Figure S16](#mmc1){ref-type="supplementary-material"}). The LRR receptor-like serine/threonine-protein kinase (LRR-RLKs), as transmembrane cell surface receptors, can recognize microbe-associated molecular patterns (MAMPs) and are required for MAMP-triggered immunity ([@bib4]). A number of RLKs were identified to regulate plant innate immunity ([@bib25]). Furthermore, the LRR-RLK genes commonly play an essential role in innate immunity to hemibiotrophic and biotrophic pathogens ([@bib17]). The GSB-associated *Didymella bryoniae* is a hemibiotrophic pathogen. The RLK mapped in the present study might be a functional gene of GSB resistance based on the genotyping and expression analysis in melon.

Recently, evolutionary genomic analyses indicated that *C. melo* spp. *agrestis* subspecies was independently domesticated compared with *C. melo* spp. *melo* subspecies in melon ([@bib29]). In the present study, the release of the chromosome-scale genome of *agrestis* subspecies is closing the gap of two melon subspecies genomes, enabling us to use these genomes in the genetics and evolutionary and gene mapping studies for academic and industrial communities. In melon, *agrestis* subspecies possess many desirable traits for breeding improvement, particularly regarding disease resistance, fruit flavor, and environmental adaptation. Inter-subspecies hybridization is routinely employed to improve various agronomic traits in creating novel resistant and wide adaptable elite cultivars. The selected genes identified from *Cucurbitaceae* allow us to further explore their conserved function and reconsider the role of phloem loading in plants. Moreover, the sucrose accumulation-associated genes provide us targets for seeking natural variations in sugar accumulation and opportunities for fruit quality enhancement using genetic techniques. In addition, the SNP identified in the RLK gene associated with GSB resistance will be developed to design a reproducible marker, facilitating marker-assisted selection for GSB resistance in melon. This study provides indispensable genomic resources accelerating of functional genomics studies and the genomics-informed breeding pipeline for improving the fruit quality and disease resistance traits in melons.

Limitations of the Study {#sec2.6}
------------------------

We reported a high-quality assembly of *C. melo* ssp. *agrestis* providing comparative genomic analysis and functional genes mining in melon species. We identified candidate genes associated with oligosaccharide transport in the phloem, sucrose accumulation, and GSB-resistance in *Cucurbitaceae*. These candidate genes involving in specific phloem transport of oligosaccharides, sucrose accumulation, and gummy stem blight resistance need be further investigated using gene editing tool and facilitate their applications in genomic breeding pipelines of melon crops.

Resource Availability {#sec2.7}
---------------------

### Materials Availability {#sec2.7.1}

All materials should be requested from M.Z (<mfzhang@zju.edu.cn>).

### Data and Code Availability {#sec2.7.2}

All data, including genome sequencing raw data, genome assembly and annotation data, RNA-seq, DNA methylation, and re-sequencing data of RILs generated in the present study have been deposited in CNSA (<https://db.cngb.org/cnsa/>) under accession number CNP0000863 and in NCBI (<https://www.ncbi.nlm.nih.gov/geo/>) under accession number PRJNA648029.

Methods {#sec3}
=======

All methods can be found in the accompanying [Transparent Methods supplemental file](#mmc1){ref-type="supplementary-material"}.
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[^1]: Lead Contact

[^2]: Complete BUSCOs are the BUSCO matches that scored within the expected range of scores and within the expected range of length alignments to the BUSCO profile.
